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(57) Abstract 

A thermoplastic composition that comprises an unreacted mixture of an aliphatic polyester polymer selected from the group consisting 
of a polybutylene succinate polymer, a polybutylene succinate-co-adipate polymer, a polycaprolactone polymer, a mixture of such polymers, 
or a copolymer of such polymers; a multicarboxylic acid; and a wetting agent. The thermoplastic composition is capable of being extruded 
into fibers that may be formed into nonwoven structures that may be used in a disposable absorbent product intended for the absorption of 
fluids such as body fluids. 
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BIODEGRADABLE THERMOPLASTIC POLYESTER COMPOSITION WITH 

IMPROVED WETTABILITY 

Background of the Invention 

The present invention relates to a thermoplasticcomposition that comprises an 
unreacted mixture of an aliphatic polyester polymer selected from the group consisting of 
a polybutylene succinate polymer, a polybutylene succinate-co-adipate polymer, a 
polycaprolactone polymer, a mixture of such polymers, or a copolymer of such polymers; 
5 a multicarboxylic acid; and a wetting agent. The thermoplastic composition is capable:of 
being extruded into fibers that may be formed into nonwoven structures that may be used 
in a disposable absorbent product intended for the absorption of fluids such as body 
fluids. 

10 Description nf the Related Art 

Disposable absorbent products currently find widespread use in many applications. 
For example, in the infant and child care areas, diapers and training pants have generally 
replaced reusable cloth absorbent articles. Other typical disposable absorbent products 
include feminine care products such as- sanitary napkins or tampons, adult incontinence 
5 products, and health care products such as surgical drapes or wound dressings. A typical 
disposable absorbent product generally comprises a composite structure including a 
topsheet, a backsheet, and an absorbent structure between the topsheet and backsheet. 
These products usually include some type of fastening system for fitting the product onto 
the wearer. 

20 Disposable absorbent products are typically subjected to one or more liquid insults, 

such as of water, urine, menses, or blood, during use. As such, the outer cover 
backsheet materials of the disposable absorbent products are typically made of liquid- 
insoluble and liquid impermeable materials, such as polypropylene films, that exhibit a 
sufficient strength and handling capability so that the disposable absorbent product 

25 retains its integrity during use by a wearer and does not allow leakage of the liquid 
insulting the product. 

Although current disposable baby diapers and other disposable absorbent products 
have been generally accepted by the public, these products still have need of 
improvement in specific areas. For example, many disposable absorbent products can be 
30 difficult to dispose of. For example, attempts to flush many disposable absorbent 
products down a toilet into a sewage system typically lead to blockage of the toilet or 
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pipes connecting the toilet to the sewage system. In particular, the outer cover materials 
typically used in the disposable absorbent products generally do not disintegrate or 
disperse when flushed down a toilet so that the disposable absorbent product cannot be 
disposed of in this way. If the outer cover materials are made very thin in order to reduce 
5 the overall bulk of the disposable absorbent product so as to reduce the likelihood of 
blockage of a toilet or a sewage pipe, then the outer cover material typically will not exhibit 
sufficient strength to prevent tearing or ripping as the outer cover material is subjected to 
the stresses of normal use by a wearer. 

Furthermore, solid waste disposal is becoming an ever increasing concern 
10 throughout the world. As landfills continue to fill up, there has been an increased demand 
for material source reduction in disposable products, the incorporation of more recyclable 
and/or degradable components in disposable products, and the design of products that 
can be disposed of by means other than by incorporation into solid waste disposal 
facilities such as landfills. 
1 5 As such, there is a need for new materials that may be used in disposable 

absorbent products that generally retain their integrity and strength during use, but after 
such use, the materials may be more efficiently disposed of. For example, the disposable 
absorbent product may be easily and efficiently disposed of by composting. Alternatively, 
*ha disposable absorbent product may be easily and efficiently disposed of to a liquid 
20 sewage system wherein the disposable absorbent product is capable of being degraded. 

Many of the commercially-available biodegradable polymers are aliphatic polyester 
materials. Although fibers prepared from aliphatic polyesters are known, problems have 
been encountered with their use. In particular, aliphatic polyester polymers are known to 
have a relatively slow crystallization rate as compared to, for example, polyolefin 
25 polymers, thereby often resulting in poor processability of the aliphatic polyester polymers. 
Most aliphatic polyester polymers also have much lower melting temperatures than 
polyolefins and are difficult to cool sufficiently following thermal processing. Aliphatic 
polyester polymers are, in general, not inherently wettable materials and may need 
modifications for use in a personal care application. In addition, the use of processing 
30 additives may retard the biodegradation rate of the original material or the processing 
additives themselves may not be biodegradable. 
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Summary of the Invention 

The present invention concerns a thermoplastic composition that is desirably 
biodegradable and yet which is easily prepared and readily processable into desired final 
structures, such as fibers or nonwoven structures. 
5 One aspect of the present invention concerns a thermoplastic composition that 

comprises a mixture of a first component, a second component, and a third component. 

One embodiment of such a thermoplastic composition comprises a mixture of an 
aliphatic polyester polymer selected from the group consisting of a polybutylene succinate 
polymer, a polybutylene succinate-co-adipate polymer, a polycaproiactone polymer, a 
1 0 mixture of such polymers, or a copolymer of such polymers; a multicarboxylic acid, 
wherein the multicarboxylic acid has a total of carbon atoms that is less than about 30; 
and a wetting agent which exhibits a hydrophilic-lipophilic balance ratio that is between 
about 10 to about 40, wherein the thermoplastic composition exhibits desired properties. 
In another aspect, the present invention concerns a fiber prepared from the 
1 5 thermoplastic composition wherein the fiber exhibits desired properties. 

In another aspect, the present invention concerns a nonwoven structure comprising 
a fiber prepared from the thermoplastic composition . 

One embodiment of such a nonwoven structure is a backshoet useful in a 
disposable absorbent product. 

20 

Detailed Description of the Preferred Em bodiments 

The present invention is directed to a thermoplastic composition which includes a 
first component, a second component, and a third component. As used herein, the term 
"thermoplastic" is meant to refer to a material that softens when exposed to heat and 
25 substantially returns to its original condition when cooled to room temperature. 

It has been discovered that, by using an unreacted mixture of the components 
described herein, a thermoplastic composition may be prepared wherein such 
thermoplastic composition is substantially degradable yet which thermoplastic composition 
is easily processed into fibers and nonwoven structures that exhibit effective fibrous 

30 mechanical properties. 

The first component in the thermoplastic composition is an aliphatic polyester 
polymer selected from the group consisting of a polybutylene succinate polymer, a 
polybutylene succinate-co-adipate polymer, a polycaproiactone polymer, a mixture of such 
polymers, or a copolymer of such polymers. 
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A polybutylene succinate polymer is generally prepared by the condensation 
polymerization of a glycol and a dicarboxylic acid or an acid anhydride thereof. A 
polybutylene succinate polymer may either be a linear polymer or a long-chain branched 
polymer. A long-chain branched polybutylene succinate polymer is generally prepared by 
5 using an additional polyfunction^ component selected from the group consisting of 

trifunctional or tetrafunctional polyols. oxycarboxylic acids, and polybasic carboxylic acids. 
Polybutylene succinate polymers are known in the art and are described, for example, in 
European Patent Application 0 569 153 A2 to Showa Highpolymer Co., Ltd.. Tokyo, 
Japan. 

10 A polybutylene succinate-co-adipate polymer is generally prepared by the 

polymerization of at least one alkyl glycol and more than one aliphatic multifunctional acid. 
Polybutylene succinate-co-adipate polymers are also known in the art. 

Examples of polybutylene succinate polymers and polybutylene succinate-co- 
adipate polymers that are suitable for use in the present invention include a variety of 
1 5 polybutylene succinate polymers and polybutylene.succinate-co-adipate polymers that are 
available from Showa Highpolymer Co.. Ltd., Tokyo. Japan, under the designation 
BIONOLLE™ 1020 polybutylene succinate polymer or BIONOLLE™ 3020 polybutylene 
succinate-co-adipate polymer, which are essentially linear polymers. These materials are 
known to be substantially biodegradable. 
20 A polycaprolactone polymer is generally prepared by the polymerization of 

e-caprolactone. Examples of polycaprolactone polymers that are suitable for use in the 
present invention include a variety of polycaprolactone polymers that are available from 
Union Carbide Corporation, Somerset. New Jersey, under.the designation TONE™ 
Polymer P767E and TONE™ Polymer P787 polycaprolactone polymers. These materials 
25 are known to be substantially biodegradable. 

It is generally desired that the aliphatic polyester polymer selected from the group 
consisting of a polybutylene succinate polymer, a polybutylene succinate-co-adipate 
polymer, a polycaprolactone polymer, a mixture of such polymers, or a copolymer of such 
polymers be present in the thermoplastic composition in an amount effective to result in 
30 the thermoplastic composition exhibiting desired properties. The aliphatic polyester 

polymer will be present in the thermoplastic composition in a weight amount that is greater 
than 0 but less than 100 weight percent, beneficially between about 40 weight percent to 
less than 100 weight percent, more beneficially between about 50 weight percent to about 
95 weight percent, suitably between about 60 weight percent to about 90 weight percent, 
35 more suitably between about 60 weight percent to about 80 weight percent, and most 
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M between about 70 weigh, percent ft abou, 75 weigh, percen,. wha^n all weigh, 
percents are basad on ft. foft. weigh, amoun, o. fte alfphafic polyesftr polym^fte 
Ltata*. acid, and fte weding agen, prasan, in .ha ftermoplasfic 

„ is generally desired fha, fta alipha,ic polyes,er polymer exhibit a werght avenge 

.at Strang*. fiber mechanical sftangft, and fiber spinn,ng propertre . ,n gan«a . fta 
weight average moiecular weight of an atiphatic poiyester poiymer ,s too h gh, ftrs 
presents the. fta potymer chains are heavily entangled which mey result ,n a 
Uremic composition comprising that aliphatic polyester polymer baftg d*,cu ft 

10 pLss c »^.«i-^~'^^ - "^ 1 rrr 

polymer is fto to, ftis represents fta. fta pother chains are no, ™* 
JL may resul, in a ftermoplasuc composite composing fta. alrphahc polyester 
p^rer exhibit a relative* weaK men strengft. maWng high speed processrng vent 

, 5 weigh, average molecular weigms fta, are benencialty between about ****** 
r^.000. mire beneficially baleen abou, 50.000 ,o abou, 400.000. and surtabty 
b e W eenabouU00,000«oabou,300,000. The weigh, average molecutor werg . or 
polymers or poiyme, bienda oan be daftrntined by methods Known ft those sMIed ,n fte 

20 art ' nw*>^^^'^^^'*^rTTL 

value fta, is e«e*e ,or fte ftermoplasoc composite to exhibit desirabie met, sftangft. 

2 melllca, strengft, and ffter spinning properties. As used herein. 
nTTln, ft raplnt fte value obtained by dividing fte weigh, average molecular 

S - e polymer by fta number average molecular weigh, ot fte polymen The nun* r 
25 average JL» weigh, tor polymers or poorer blends can be deftrmrned , methods 
J. .hose stoned in fte art tn genera,, » fte potydispersity index value o. en 
alipha«o potyester polymer is too high, a ftermoplastio composite compnsrng fta, 
aliphatic pother polymer may be dfflicuH ft process due ft inconsistent processrng 
parties lead by potytrrer segmen-s comprising fow mo,eou,a, ^P*»"£ 
30 JL lower me»saeng,h properties during spanning. Thus. 

potyester polymer exhibits a poiydispersrty index vaiue fta, is bene.ic,ally be.ween abou 
^ a J, I more beneficial* befween abou, , ft about 4. and sultabty between abou, 

Ts'generally desired fta, fte aliphatic polyester polymer be mel, procassabla. It is 
35 therefore desired fta, fte aliphatic polyesftr polymer exhibit a meltflow raft fta, ,s 
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^ btfweeo abou, ,0 gram* p. 10 ~ ■^^I lO n-nu* 
more suitably beween about 20 grams per 1 0 minu.es to about 40 grams p 
Tit «ow rate C a mataHa, ma, bo de,en*ned, tor exampie. accord,ng » AST* 
; TestMathodD1238-E,inoorporatadlnltsant l retybe,elnbyre.aranoe. 

h »te present invent, i, is desired .ha, tbe aiiphatic poiyesta, poiymer be 

structure, win o« -biodearadable" is meant to represent that a 

— M a materia, ma, be defined u*g ASTM Tea, 

substaLi, oompos^ble. As a result, me thetmopfc* compositor compns,ng me 

============ 



25 

materials 



30 



35 



^ Tbe second component in me mermop*a«c compos«ion is a muiOcarboxviic a* A 

:=r======~~= 

==-;=r===~rr 

- cam n S « is no, too iarge because men me c^on iune,,cs me 

Imopiastic compo*n o, me preaen, invent, couid be s,o»er than ,s desred. 
ZZL desired ma, me mu,«ca,bo*ic add have a «o<al o, carbon a,oms ma, ,s 
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ben** less than about 30. more beneficially between about. to about 30, 
beween about 5 to about 20. and mo,e suitably between about 6 to about 10. Suitable 
mulbcarboxylic acids include, but are not MM to, succinic acid, glutarlo acid. ad,p,c acd. 
pimelic acid, suberic acid, azelaic acid, aebacic acid, and mixtures of such acrds. 
5 it is generally desired mat the multicarboxylic acid be present in the thermoplastic 

composition in an amount effective to result in me thermoplastic composition exhib,bng 
desired properties. The multicarboxylic acid will be present in the thermoplasbc 
compose in a weigh, amount ma. is greater man 0 weight percent, beneficially between 
greater man 0 weigh, percent to about 30 weigh, percent, more beneficially be(ween 
,0 about 1 weigh, percent to about 30 weigh, percent, suitably between ebout 5 werflh 
percent to about 25 weigh, percent, more sui.ably beNveen about 5 weigh, percent to 
abou. 20 weigh, percent and most su«ably between about 5 weigh, percen. to abou, 
1 5 weigh, percent, wherein all weight percent are baaed on me total weigh, amount o, 
me aliphatic polyester polymer, me muKicareoxylic acid, and me wading agen, presen, ,n 
15 the thermoplastic composition. 

in order for a thermoplastic composition of the present invention to be processed 
into a product, such as a fiber or a nonwoven structure, that exhibits the properties 
desired in the present invention, it has been discovered that it is generally des,red hat the 
rr.utticarboxy.ic acid beneficially exists in a liquid state during thermal processmg of the 
20 thermoplastic composition but that during cooling of the processed thermoplast,c 

composition, the multicarboxylic acid turns into a solid state, or crystallizes, before the 
aliphatic polyester polymer turns into a solid state, or crystallizes. 

,n the thermoplastic compcsition of the present invention, the multicarboxyhc ac,d ,s 
believed to perform two important, but distinct, functions. First, when the thermopile 
25 composition is in a molten state, the multicarboxylic acid is believed to function as a 
process lubricant or plasticizer that facilitates the processing of the thermoplastic 
composition while increasing the flexibility and toughness of a final product, such as a 
fiber or a nonwoven structure, through interna, modification of the aliphatic polyester 
polymer. While not intending to be bound hereby, it is believed that the multicarboxyl, 
30 acid replaces the secondary valence bonds holding together the aliphatic polyester 
polymer chains with multicarboxylic acid-to-a.iphatic polyester polymer valence bonds, 
thus facilitating the movement of the polymer chain segment, With this effect, the torque 
needed to turn an extruder is generally dramatically reduced as compared with the 
processing of the aliphatic polyester po.ymer alone. In addition, the process temperature 
35 required to spin the thermoplastic composition into a final product, such as a f.ber or a 
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nonwoven structure, is general* drematically reduced, thereby decreasing the risk for 
thermal degradation of the aliphatic polyester polymer while also reducing the amount and 
rate of cooling needed for any fiber or nonwoven structure prepared. Second, when a 
Snal product prepared from the thermoplastic compost, such as a fiber or a nonwoven 
5 strode, is being cooled and soMed from «s liquid or moken stafe. me mulbcarhoxykc 
acid is believed to functor as a nucleating agent. Mphefte polyester polymers are known 
,o have a very slow conization rate. Tradkionally. .here are two major ways to resohre 
Ms issue. One is to change me cooling temperefure profile in order to maximize the 
aysMizetion kinetice. while.be other is.o add a nucleating agentto increase the s«es 
10 and degree of crystallization. 

The process of cooling en extruded polymer io ambient temperature ,s usually 
achieved by blowing ambien, or sub-ambien. temperature air over .ha exkuded polymer. 
Such e process can be referred to as quenching or auper-cooUng because .he change ,n 
temperature is usually greater men t 00-C and most often greater men 1 50-C over a 
, 5 re^aho-Hmefrnmelseconds). By reducing me ma* viscosity of a polymer, such 
polyme, may ganerelly be extruded successfully e. lower temperatures. Th,a wrl, general 
reduce me temperaurre change needed upon cooling, .o preferably be less man .50 C 

and in some cases, leas then 100-C. To customize mis common process further rnto the 
ideal cooling temperature profile needed to be me sole method of maximizing me 
20 crystallization kinetics of aliphatic polyesters in a rea, manufacturing process , a very 
difficult because of me extreme cooling needed wimin a very short period of t,me. 
Standerd cooling mamods can be used in combination with a second method of 
modificato,. though. The tretfnional second method la .0 have a nucleating agent, such 
aa solid particulates, mixed with a thermoplastic composition to provide sites for rnrtomg 
35 crystallization during quenching. However, such solid nucleating agents Q««* 

agglomerete vr*y easily in me thermop,as«c composition which can result ,n .he blocleng 
of filters and spinneret holes dunng spinning. In addition, the nucleating effect of such 
send nucleating agents usuelly peaks a. add-on levels of about 1 percent of such solrd 
nudeating agents. Bo.h of these factors genera.lv reduce me ability or me desrre to edd 
30 in high weight percentages of such solid nucleating agents into me thermoplasbc 

compositor, .n me processing of me thermoplastic composition of me present mvenbon. 
however it has been found that the multicarboxylic acid generally exists in a liquid stare 
during the extrusion process, wherein me mulUcarboxylic acid functions aa a plastozer. 
while me mukicarboxylic add ia sail able to solidify or crystallize before ma alpnatrc 
35 popster during cooling, wherein the multicarboxylic ackj functors as a nucleating agent. 
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„ ls ber,ovod ma, upon ooo»ng tan ft. b-ogenoous me. the 
solidifies or crysfcUizes reiabvely more quick,, and complete* * as . 

mature o, abou, 1 6*C and a oys^on ,empera,ure o , 
5 ma aliphatic po.yaa.or polymar, being a macromolecule. has a "M"*""*" 

c^aUonraUrwhich moans ma, whan ceoied » 'gene** «— « <£*~ 
mo^os.owryando.a.ornpom.uro^rmannsmoMng.ornporaU.ro. Dunngsucb 

SI and general* a«s as solid nucleating sKos wHhin me cooiing marmo pl as«o 

pCymeTinto .ibers or nonwoven structures is mo stlcKy naturo o, mass poiymars. 

, 5 ft. add-on o, a eoiid ulter wt» in most caaos ac, .o reduce mo tacfcness oU polymer 
me,, Howavor.mousoo.asoiid.iiloroanbaprobioma.ioinaf.borspinn.ngo, 

Twovon app»ca«on wora a poiymor is etfnrfed mrougb a no,a with a vo, sma 
diame.ar This is booausa ma tiller particles ,ond to oiog spinnoro, hoias and Mr 
morob, intorrupring mo ^or spinning prooass. in mo proson. invonbon. m 

but man solidities almost Immadlaloly during the quonoh proooss. Thus, mo 
^ZZZo aoid enetfivety acrsas a «*, «,ior, enhancing me ovorail crystal,,™* - 
1 "a nd roduoing mo tacKness o, mo «bers and Ciminabng probioms such as 

w,m mo «*» pastor potymor ma, ma muKicareoxylic add is bemg naxad -h. 
Ze mo pdor art generatly denies mo ,eas«y o, a po^do-ad,^ a=»d 
mire aun<,ua,oaU J rowasdisoovoradinmisinvon«on. A polylactide-adipic aod 
mTne^ on,y bo biondod wim a *** minor amoun, o, a we«ng agon. 

ertremedHticulty. Po^ene suooina,o. pot*uty,ene sucoina,o^ad,pa^ , and^ 
pofccaprotactone havo boon ,ound » bo ve^ compa,ib,o «h largo quangos o bom a 
^rooxyi, acid and a we«ng agon, Tbo roason ,or m,s is believed ,o be due o me 
chen*a, structure o, ma aliphatic po,yos,or powers. PolytaCde 
35 bulky chemical sbucutre, w«h no linear portions ma, aro longor man OH, In other words, 
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each CH 2 segment is connected to carbons bearing either an oxygen or other side chain. 
Thus a multicarboxylic acid, such as adipic acid, can not align itself close to the 
polylactide polymer backbone. In the case of polybutylene succinate and polybutylene 
succinate-co-adipate, the polymer backbone has the repeating units (CH 2 ) 2 and (CH* 

5 within its structure. Polycaprolactone has the repeating unit (CH 2 ), These relatively long, 
open linear portions that are unhindered by oxygen atoms and bulky side chains al.gn 
well with a suitable multicarboxylic acid, such as adipic acid, which also has a (CH* un.t, 
thereby allowing very close contact between the multicarboxylic acid and the suitable 
aliphatic polyester polymer molecules. This excellent compatibility between the 

10 multicarboxylic acid and the aliphatic polyester polymer in these special cases has been 
found to relatively easily allow for the incorporation of a wetting agent, the thud 
component in the present invention. Such suitable compatibility is evidenced by the ease 
of compounding and fiber or nonwoven production of mixtures containing polybutylene 
succinate, polybutylene succinate-co-adipate, polycaprolactone, or a blend or copolymer 

15 of these polymers with suitable multicarboxylic acids and wetting agents. The 
processability of these mixtures is excellent, while in the case of a 
polylactide-multicarboxylic acid system, a wetting agent can generally not be easily 

incorporated into the mixture. 

Either separately or when mixed together, a polybutylene succinate polymer, a 
20 polybutylene succinate-co-adipate polymer, a polycaprolactone polymer, a mixture of such 
polymers, or a copolymer of such polymers are generally hydrophobic. Since it is des,red 
that the thermoplastic composition of the present invention, and fibers or nonwoven 
structures prepared from the thermoplastic composition, generally be hydrophilic, it has 
been found that there is a need for the use of another component in the thermoplastic 
25 composition of the present invention in order to achieve the desired properties. As such, 
the thermoplastic composition of the present invention includes a wetting agent. 

Thus, the third component in the thermoplastic composition is a wetting agent for 
the polybutylene succinate polymer, polybutylene succinate-co-adipate polymer, 
polycaprolactone polymer, a mixture of such polymers, and/or a copolymer of such 
30 polymers. Wetting agents suitable for use in the present invention will generally compr.se 
a hydrophilic section which will generally be compatible with the hydrophilic sections of 
polybutylene succinate polymer, a polybutylene succinate-co-adipate polymer, a 
polycaprolactone polymer, a mixture of such polymers, or a copolymer of such polymers 
and a hydrophobic section which will generally be compatible with the hydrophobic 
35 sections of polybutylene succinate polymer, a polybutylene succinate-co-adipate polymer. 
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a polycaprolactone polymer, a mixture of such polymers, or a copolymer of such 
polymers. These hydrophilic and hydrophobic sections of the wetting agent will generally 
exist in separate blocks so that the overall wetting agent structure may be di-block or 
random block. A wetting agent with a melting temperature below, or only slightly above, 
5 that of the aliphatic polyester polymer is preferred so that during the quenching process 
the wetting agent remains liquid after the aliphatic polyester polymer has crystallized. 
This will generally cause the wetting agent to migrate to the surface of the prepared 
fibrous structure, thereby improving wetting characteristics and improving processing of 
the fibrous structure. It is then generally desired that the wetting agent serves as a 
10 surfactant in a material processed from the thermoplastic composition, such as a fiber or 
nonwoven structure, by modifying the contact angle of water in air of the processed 
material. The hydrophobic portion of the wetting agent may be, but is not limited to, a 
polyolefin such as polyethylene or polypropylene. The hydrophilic portion of the wetting 
agent may contain ethylene oxide, ethoxylates, glycols, alcohols or any combinations 
15 thereof. Examples of suitable wetting agents include UNITHOX®480 and 

UNITHOX™750 ethoxylated alcohols, or UNICID™ acid amide ethoxylates, all available 
from Petrolite Corporation of Tulsa, Oklahoma. 

Other suitable surfactants can, for example, include one or more of the following: 

(1) surfactants composed of silicone glycol copolymers, such as D193 and D1315 
20 silicone glycol copolymers, which are available from Dow Corning Corporation, 

located in Midland, Michigan. 

(2) ethoxylated alcohols such as GENAPOL™ 24-L-60. GENAPOL™ 24-L-92, or 
GENAPOL™ 24-L-98N ethoxylated alcohols, which may be obtained from 
Hoechst Celanese Corp., of Charlotte. North Carolina. 

25 (3) surfactants composed of ethoxylated mono- and diglycerides, such as MAZOL™ 

80 MGK ethoxylated diglycerides, which is available from PPG Industries, Inc., 

of Gurnee, Illinois. 

(4) surfactants composed of carboxylated alcohol ethoxylates, such as 
SANDOPAN™ DTC, SANDOPAN™ KST, or SANDOPAN™ DTC-1 00 

30 carboxylated alcohol ethoxylates, which may be obtained from Sandoz Chemical 

Corp. 

(5) ethoxylated fatty esters such as TRYLON™ 5906 and TRYLON™ 5909 
ethoxylated fatty esters, which may be obtained from Henkel Corp./Emery Grp. 
of Cincinnati, Ohio. 
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It is generally desired that the wetting agent exhibit a weight average molecular 
weight that is effective for the thermoplastic composition to exhibit desirable melt strength, 
fiber mechanical strength, and fiber spinning properties. In general, if the weight average 
molecular weight of a wetting agent is too high, the wetting agent will not blend well with 
the other components in the thermoplastic composition because the wetting agent's 
viscosity will be so high that it lacks the mobility needed to blend. Conversely, if the weight 
average molecular weight of the wetting agent is too low, this represents that the wetting 
agent will generally not blend well with the other components and have such a low 
viscosity that it causes processing problems. Thus, wetting agents suitable for use in the 
present invention exhibit weight average molecular weights that are beneficially between 
about 1,000 to about 100,000, suitably between about 1,000 to about 50,000, and more 
suitably between about 1 ,000 to about 1 0,000. The weight average molecular weight of a 
wetting agent may be determined using methods known to those skilled in the art. 

It is generally desired that the wetting agent exhibit an effective hydrophilic-lipophilic 
balance ratio (HLB ratio). The HLB ratio of a material describes the relative ratio of the 
hydrophilicity of the material. The HLB ratio is calculated as the weight average molecular 
weight of the hydrophilic portion divided by the total weight average molecular weight of 
the material, which value is then multiplied by 20. If the HLB ratio value is too low, the 
wetting. agent will generally not provide the desired improvement in hydrophilicity. 
Conversely, if the HLB ratio value is too high, the wetting agent will generally not blend 
into the thermoplastic composition because of chemical incompatibility and differences in 
viscosities with the other components. Thus, wetting agents useful in the present 
invention exhibit HLB ratio values that are beneficially between about 10 to about 40, 
suitably between about 10 to about 20, and more suitably between about 12 to about 16. 
The HLB ratio value for a particular wetting agent is generally well known and/or may be 
obtained from a variety of known technical references. 

It is generally desired that the hydrophobic portion of the wetting agent be a linear 
hydrocarbon chain containing (CH 2 ) n , where n is preferred to be 4 or greater. This linear 
hydrocarbon, hydrophobic part is generally highly compatible with similar sections in the 
polybutylene succinate, polybutylene succinate-co-adipate, and polycaprolactone 
polymers, as well as many multicarboxylic acids, such as adipic acid. By taking 
advantage of these structural similarities, the hydrophobic portions of the wetting agent 
will very closely bind to the aliphatic polyester polymer, while the hydrophitic portions will 
be allowed to extend out to the surface of a prepared fiber or nonwoven structure. The 
general consequence of this phenomenon is a relatively large reduction in the advancing 
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contact angle exhibited by the prepared fiber or nonwoven structure. Examples of 
suitable wetting agents include UNITHOXO480 and UNITHOXO750 ethoxylated alcohols, 
available from Petrolite Corporation of Tulsa, Oklahoma. These wetting agents have an 
average linear hydrocarbon chain length between 26 and 50 carbons. If the hydrophobic 

5 portion of the wetting agent is too bulky, such as with phenyl rings or bulky side chains, 
such a wetting agent will generally not be well incorporated into the aliphatic polyester 
polymer blend. Rather than having the hydrophobic portions of the wetting agent being 
bound to the aliphatic polyester polymer molecules, with the hydrophilic portions of the 
wetting agent hanging free, entire molecules of the wetting agent molecules will float 

10 freely in the mixture, becoming entrapped in the blend. This is evidenced by a high 
advancing contact angle and a relatively low receding contact angle, indicating that the 
hydrophilic chains are not on the surface. After a liquid insult, the wetting agent can 
migrate to the surface resulting in a low receding contact angle. This is clearly 
demonstrated through the use of IGEPAL™ RC-630 ethoxylated alkyl phenol surfactant, 

15 obtained from Rhone-Poulenc, located in Cranbury, NJ. IGEPAL™ RC-630 ethoxylated 
alkyl phenol has a bulky phenyl group which limits its compatibility with aliphatic polyester 
polymers, as evidenced by the high advancing contact angle and low receding contact 
angle of a mixture of an aliphatic polyester polymer and the IGEPAL™ RC-630 
ethoxylated alkyl phenol. 

20 It is generally desired that the wetting agent be present in the thermoplastic 

composition in an amount effective to result in the thermoplastic composition exhibiting 
desired properties such as desirable contact angle values. In general, too much of the 
wetting agent may lead to processing problems of the thermoplastic composition or to a 
final thermoplastic composition that does not exhibit desired properties such as desired 

25 advancing and receding contact angle values. The wetting agent will beneficially be 
present in the thermoplastic composition in a weight amount that is greater than 0 to 
about 25 weight percent, more beneficially between about 0.5 weight percent to about 20 
weight percent, suitably between about 1 weight percent to about 20 weight percent, and 
more suitably between about 1 weight percent to about 15 weight percent, wherein all 

30 weight percents are based on the total weight amount of the polybutylene succinate 
polymer, a polybutylene succinate-co-adipate polymer, a polycaprolactone polymer, a 
mixture of such polymers, or a copolymer of such polymers; the multicarboxylic acid, and 
the wetting agent present in the thermoplastic composition. 

While the principal components of the thermoplastic composition of the present 

35 invention have been described in the foregoing, such thermoplastic composition is not 
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limited thereto and can include other components not adversely effecting the desired 
properties of the thermoplastic composition. Exemplary materials which could be used as 
additional components would include, without limitation, pigments, antioxidants, 
stabilizers, surfactants, waxes, flow promoters, solid solvents, plasticizers, nucleating 

5 agents, particulates, and other materials added to enhance the processability of the 
thermoplastic composition. If such additional components are included in a thermoplastic 
composition, it is generally desired that such additional components be used in an amount 
that is beneficially less than about 10 weight percent, more beneficially less than about 
5 weight percent, and suitably less than about 1 weight percent, wherein all weight 

1 0 percents are based on the total weight amount of the aliphatic polyester polymer selected 
from the group consisting of a polybutylene succinate polymer, a polybutylene succinate- 
co-adipate polymer, a polycaprolactone polymer, a mixture of such polymers, or a 
copolymer of such polymers; a multicarboxylic acid; and a wetting agent present in the 
thermoplastic composition. 

15 The thermoplastic composition of the present invention is generally simply a mixture 

of the aliphatic polyester polymer, the multicarboxylic acid, the wetting agent and, 
optionally, any additional components. In order to achieve the desired properties for the 
thermoplastic composition of the present invention, it has been discovered that it is critical 
that the aliphatic polyester polymer, the multicarboxylic acid, and the wetting agent remain 

20 substantially unreacted with each other such that a copolymer comprising each of the 
aliphatic polyester polymer, the multicarboxylic acid, and/or the wetting agent is not 
formed. As such, each of the aliphatic polyester polymer; the multicarboxylic acid, and 
the wetting agent remain distinct components of the thermoplastic composition. 

In one embodiment of the present invention, after dry mixing together the aliphatic 

25 polyester polymer, the multicarboxylic acid, and the wetting agent to form a thermoplastic 
composition dry mixture, such thermoplastic composition dry mixture is beneficially 
agitated, stirred, or otherwise blended to effectively uniformly mix the aliphatic polyester 
polymer, the multicarboxylic acid, and the wetting agent such that an essentially 
homogeneous dry mixture is formed. The dry mixture may then be melt blended in, for 

30 example, an extruder, to effectively uniformly mix the aliphatic polyester polymer, the 
multicarboxylic acid, and the wetting agent such that an essentially homogeneous melted 
mixture is formed. The essentially homogeneous melted mixture may then be cooled and 
pelletized. Alternatively, the essentially homogeneous melted mixture may be sent 
directly to a spin pack or other equipment for forming fibers or a nonwoven structure. 
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Alternative methods of mixing together the components of the present invention 
include adding the mutticarboxylic acid and the wetting agent to the aliphatic polyester 
polymer in, for example, an extruder being used to mix the components together. In 
addition, it is also possible to initially melt mix all of the components together at the same 

5 time. Other methods of mixing together the components of the present invention are also 
possible and will be easily recognized by one skilled in the art. In order to determine if the 
aliphatic polyester polymer, the multicarboxylic acid,: and the wetting agent remain 
essentially unreacted, it is possible to use techniques, such as nuclear magnetic 
resonance and infrared analysis, to evaluate the chemical characteristics of the final 

1 0 thermoplastic composition . 

Typical conditions for thermally processing the various components include using a 
shear rate that is beneficially between about 100 seconds 1 to about 50000 seconds* 1 , 
more beneficially between about 500 seconds 1 to about 5000 seconds" 1 , suitably between 
about 1000 seconds* 1 to about 3000 seconds \ and most suitably at about 

1 5 1 000 seconds* 1 . Typical conditions for thermally processing the components also include 
using a temperature that is beneficially between about 50 9 C to about 500 C C, more 
beneficially between about 75°C to about 300 9 C, and suitably between about 10020 to 
about 250 8 C. 

As used herein, the term "hydrophobic" refers to a material having a contact angle 

20 of water in air of at least 90 degrees. In contrast, as used herein, the term "hydrophilic" 
refers to a material having a contact angle of water in air of less than 90 degrees. 
However, commercial personal care products generally require contact angles that are 
significantly below 90 degrees in order to provide desired liquid transport properties. In 
order to achieve the rapid intake and wetting properties desired for personal care 

25 products, the contact angle of water in air is generally desired to fall below about 
70 degrees. In general, the lower the contact angle, the better the wettability. For the 
purposes of this application, contact angle measurements are determined as set forth in 
the Test Methods section herein. The general subject of contact angles and the 
measurement thereof is well known in the art as, for example, in Robert J. Good and 

30 Robert J. Stromberg, Ed., in "Surface and Colloid Science - Experimental Methods", 
Vol. II, (Plenum Press, 1979). 

The resultant multicomponent fibers or nonwoven structures of the present invention 
are desired to exhibit an improvement in hydrophilicity, evidenced by a decrease in the 
contact angle of water in air. The contact angle of water in air of a fiber sample can be 

35 measured as either an advancing or a receding contact angle value because of the nature 
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of the testing procedure. The advancing contact angle measures a material's initial 
response to a liquid, such as water. The receding contact angle gives a measure of how 
a material will perform over the duration of a first insult, or exposure to liquid, as well as 
over following insults. A lower receding contact angle means that the material is 

5 becoming more hydrophilic during the liquid exposure and will generally then be able to 
transport liquids more consistently. Both the advancing and receding contact angle data 
is desirably used to establish the highly hydrophilic nature of a multicomponent fiber or 
nonwoven structure of the present invention. 

The resultant multicomponent fibers or nonwoven structures of the present invention 

10 are desired to exhibit an improvement in the rate of liquid transport, as evidenced by a low 
contact angle hysteresis. As used herein, the contact angle hysteresis is defined as the 
difference between the advancing and receding contact angles for a material being 
evaluated. For example, a relatively high advancing contact angle and relatively low 
receding contact angle would lead to a large contact angle hysteresis. In such a case, an 

15 initial liquid insult would generally be slowly absorbed by a material, though the material 
would generally retain the liquid once absorbed. In general, relatively low advancing and 
receding contact angles, as well as a small contact angle hysteresis, are desired in order 
to have a high rate of liquid transport. Contact angle hysteresis may be used as an 
indication of the rate of wicking of a liquid on the material being evaluated. 

2C !n one embodiment of the present invention, it is desired that a multicomponent fiber 

or nonwoven structure prepared from the thermoplastic composition described herein 
exhibits an Advancing Contact Angle value that is beneficially less than about 70 degrees, 
more beneficially less than about 65 degrees, suitably less than about 60 degrees, more 
suitably less than about 55 degrees, and most suitably less than about 50 degrees, 

25 wherein the Advancing Contact Angle value is determined by the method that is described 
in the Test Methods section herein. 

In another embodiment of the present invention, it is desired that a multicomponent 
fiber or nonwoven structure prepared from the thermoplastic composition described herein 
exhibits a Receding Contact Angle value that is beneficially less than about 60 degrees, 

30 more beneficially less than about 55 degrees, suitably less than about 50 degrees, more 
suitably less than about 45 degrees, and most suitably less than about 40 degrees, 
wherein the Receding Contact Angle value is determined by the method that is described 
in the Test Methods section herein. 

In another embodiment of the present invention, it is desired that a multicomponent 

35 fiber or nonwoven structure prepared from the thermoplastic composition described herein 
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exhibits a Advancing Contact Angle value that is beneficially at least about 10 degrees, 
more beneficially at least about 1 5 degrees, suitably at least about 20 degrees, and more 
suitably at least about 25 degrees, less than the Advancing Contact Angle value that is 
exhibited by an otherwise substantially identical fiber or nonwoven structure prepared 
from a thermoplastic composition that does not comprise a wetting agent. 

In another embodiment of the present invention, it is desired that a multicomponent 
fiber or nonwoven structure prepared from the thermoplastic composition described herein 
exhibits a Receding Contact Angle value that is beneficially at least about 5 degrees, 
more beneficially at least about 10 degrees, suitably at least about 15 degrees, and more 
suitably at least about 20 degrees, less than the Receding Contact Angle value that is 
exhibited by an otherwise substantially identical fiber or nonwoven structure prepared 
from a thermoplastic composition that does not comprise a wetting agent. 

As used herein, the term "otherwise substantially identical fiber or nonwoven 
structure prepared from a thermoplastic composition that does not comprise a wetting 
agent" , and other similar terms, is intended to refer to a control fiber or nonwoven 
structure that is prepared using substantially identical materials and a substantially 
identical process as compared to a fiber or nonwoven structure of the present invention, 
except that the control fiber or nonwoven structure does not comprise or is not prepared 
with the wetting agent described herein. 

In another embodiment of the present invention, it is desired that the difference 
between the Advancing Contact Angle value and the Receding Contact Angle value, 
referred to herein as the Contact Angle Hysteresis, be as small as possible. As such, it is 
desired that the multicomponent fiber exhibits a difference between the Advancing 
Contact Angle value and the Receding Contact Angle value that is beneficially less than 
about 50 degrees, more beneficially less than about 40 degrees, suitably less than about 
30 degrees, and more suitably less than about 20 degrees. 

It is generally desired that the melting or softening temperature of the thermoplastic 
composition be within a range that is typically encountered in most process applications. 
As such, it is generally desired that the melting or softening temperature of the 
thermoplastic composition beneficially be between about 25 9 C to about 350 9 C, more 
beneficially be between about 35 9 C to about 300*0, and suitably be between about 45 fi C 
to about 250*C. 

The thermoplastic composition of the present invention has been found to generally 
exhibit improved processability properties as compared to a thermoplastic composition 
comprising the aliphatic polyester polymer but none of the multicarboxylic acid and/or the 
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wetting agent. This is generally due to the significant reduction in viscosity that occurs 
due to the multicarboxylic acid and the internal lubricating effect of the wetting agent. 
Without the multicarboxylic acid, the viscosity of a mixture of the aliphatic polyester 
polymer and the wetting agent is generally too high to process. Without the wetting 
agent, a mixture of the aliphatic polyester polymer and the multicarboxylic acid is 
generally not a sufficiently hydrophilic material and generally does not have the 
processing advantages of the liquid wetting agent in the quench zone. It has been 
discovered as part of the present invention that only with the correct combination of the 
three components can the appropriate viscosity and melt strength be achieved for fiber 
spinning. 

As used herein, the improved processability of a thermoplastic composition is 
measured as a decline in the apparent viscosity of the thermoplastic composition at a 
temperature of about 170 S C and a shear rate of about 1000 seconds \ typical industrial 
extrusion processing conditions. If the thermoplastic composition exhibits an apparent 
viscosity that is too high, the thermoplastic composition will generally be very difficult to 
process. In contrast, if the thermoplastic composition exhibits an apparent viscosity that is 
too low, the thermoplastic composition will generally result in an extruded fiber that has 
very poor tensile strength. 

Therefore, it is generally desired that the thermoplastic composition exhibits an 
Apparent Viscosity value at a temperature of about 170 Q C and a shear rate of about 
10C0 seconds" 1 that is beneficially between about 5 Pascal seconds (Pa.s) to about 
200 Pascal seconds, more beneficially between about 10 Pascal seconds to about 
150 Pascal seconds, and suitably between about 20 Pascal seconds to about 100 Pascal 
seconds. The method by which the Apparent Viscosity value is determined is set forth 
below in connection with the examples. 

As used herein, the term "fiber" or "fibrous" is meant to refer to a material wherein 
the length to diameter ratio of such material is greater than about 10. Conversely, a 
"nonfiber" or "nonfibrous" material is meant to refer to a material wherein the length to 
diameter ratio of such material is about 10 or less. 

Methods for making fibers are well known and need not be described here in detail. 
The melt spinning of polymers includes the production of continuous filament, such as 
spunbond or meltblown, and non-continuous filament, such as staple and short-cut fibers, 
structures. To form a spunbond or meltblown fiber, generally, a thermoplastic 
composition is extruded and fed to a distribution system where the thermoplastic 
composition is introduced into a spinneret plate. The spun fiber is then cooled, solidified, 
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drawn by an aerodynamic system and then formed into a conventional nonwoven. 
Meanwhile, to produce short-cut or staple the spun fiber is cooled, solidified, and drawn, 
generally by a mechanical rolls system, to an intermediate filament diameter and collected 
fiber, rather than being directly formed into a nonwoven structure. Subsequently, the 
collected fiber may be "cold drawn" at a temperature below its softening temperature, to 
the desired finished fiber diameter and can be followed by crimping/texturizing and cutting 
to a desirable fiber length. Fibers can be cut into relatively short lengths, such as staple 
fibers which generally have lengths in the range of about 25 to about 50 millimeters and 
short-cut fibers which are even shorter and generally have lengths less than about 
18 millimeters. 

The thermoplastic composition of the present invention is suited for preparing fibers 
or nonwoven structures that may be used in disposable products including disposable 
absorbent products such as diapers, adult incontinent products, and bed pads; in 
catamenial devices such as sanitary napkins, and tampons; and other absorbent products 
such as wipes, bibs, wound dressings, and surgical capes or drapes. Accordingly, in 
another aspect, the present invention relates to a disposable absorbent product 
comprising the multicomponent fibers of the present invention. 

In one embodiment of the present invention, the thermoplastic composition is 
formed into a fibrous matrix for incorporation into a disposable absorbent product. A 
fibrous matrix may take the form of, for example, a fibrous nonwoven web. Fibrous 
nonwoven webs may be made completely from fibers prepared from the thermoplastic 
composition of the present invention or they may be blended with other fibers. The length 
of the fibers used may depend on the particular end use contemplated. Where the fibers 
are to be degraded in water as, for example, in a toilet, it is advantageous if the lengths 
are maintained at or below about 15 millimeters. 

In one embodiment of the present invention, a disposable absorbent product is 
provided, which disposable absorbent product comprises a liquid-permeable topsheet, a 
backsheet attached to the liquid-permeable topsheet, and an absorbent structure 
positioned between the liquid-permeable topsheet and the backsheet, wherein the 
backsheet comprises fibers prepared from the thermoplastic composition of the present 
invention. 

Exemplary disposable absorbent products are generally described in 
US-A-4,710,187; US-A-4,762,521 ; US-A-4,770,656; and US-A-4,798,603; which 
references are incorporated herein by reference. 
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Absorbent products and structures according to all aspects of the present invention 
are generally subjected, during use, to multiple insults of a body liquid. Accordingly, the 
absorbent products and structures are desirably capable of absorbing multiple insults of 
body liquids in quantities to which the absorbent products and structures will be exposed 
5 during use. The insults are generally separated from one another by a period of time. 

Test Methods 
Melting Temperature 

The melting temperature of a material was determined using differential scanning 

10 calorimetry. A differential scanning calorimeter, available from T.A. Instruments Inc. of 
New Castle, Delaware, under the designation Thermal Analyst 2910 Differential Scanning 
Calorimeter(DSC), which was outfitted with a liquid nitrogen cooling accessory and used 
in combination with Thermal Analyst 2200 analysis software program, was used for the 
determination of melting temperatures. 

1 5 The material samples tested were either in the form of fibers or resin pellets. It is 

preferred to not to handle the material samples directly, but rather to use tweezers and 
other tools, so as not to introduce anything that would produce erroneous results. The 
material samples were cut, in the case of fibers, or placed, in the case of resin pellets, into 
an aluminum pan and weighed to an accuracy of 0.01 mg on an analytical balance. If 

20 needed, a lid was, crimped over the material sample onto the pan. 

The differential scanning calorimeter was calibrated using an indium metal standard 
and a baseline correction performed, as described in the manual for the differential 
scanning calorimeter. A material sample was placed into the test chamber of the 
differential scanning calorimeter for testing and an empty pan is used as a reference. All 

25 testing was run with a 55 cubic centimeter/minute nitrogen (industrial grade) purge on the 
test chamber. The heating and cooling program is ay2 cycle test that begins with 
equilibration of the chamber to -20°C, followed by a heating cycle of 20°C/minute to 
220°C, followed by a cooling cycle at 20°C/minute to -20°C, and then another heating 
cycle of 20°C/minute to 220°C. 

30 The results were evaluated using the analysis software program wherein the 

endothermic and exothermic peaks were identified and quantified. 

Apparent Viscosity 

A capillary rheometer, under the designation Gottfert Rheograph 2003 capillary 
35 rheometer, which was used in combination with WinRHEO (version 2.31 ) analysis 
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software, both available from Gottfert Company of Rock Hill, South Carolina, was used to 
evaluate the apparent viscosity rheological properties of material samples. The capillary 
rheometer setup included a 2000 bar ( 200 MPa) pressure transducer and a 30 mm 
length/30 mm active length/1 mm diameter/0 mm height/180 9 run in angle, round hole 
5 capillary die. 

If the material sample being tested demonstrates or is known to have water 
sensitivity, the material sample is dried in a vacuum. oven above its glass transition 
temperature, i.e. above 55 or 60°C for poly(lactic acid) materials, under a vacuum of at 
least 15 inches of mercury (381mm Hg) with a nitrogen gas purge of at least 30 standard 

1 0 cubic feet per hour (about 0.850 cubic meters per hour) for at least 1 6 hours. 

Once the instrument is warmed up and the pressure transducer is calibrated, the 
material sample is loaded incrementally into the column, packing the polymer rasin pellets 
into the column with a ramrod each time to ensure a consistent melt during testing. After 
material sample loading, a 4 minute melt time precedes each test to allow the material 

1 5 sample to completely melt at the test temperature. The capillary rheometer takes data 
points automatically and determines the apparent viscosity (in Pascal-second) at 
7 apparent shear rates (in second* 1 ): 50, 100, 200, 500, 1000, 2000, and 5000. When 
examining the resultant curve it is important that the curve be relatively smooth. If there 
are significant deviations from a general curve from one point to another, possibly due to 

20 air. in the column, the test run should be repeated to confirm the results. 

The resultant rheology curve of apparent shear rate versus apparent viscosity gives 
an indication of how the material sample will run at that temperature in an extrusion 
process. The apparent viscosity values at a temperature of about 170 9 C and at a shear 
rate of about 1000 second" 1 are of specific interest because these are the typical 

25 conditions found in commercial fiber spinning extruders. 

Contact Angle 

The equipment consists of a DCA-322 Dynamic Contact Angle Analyzer and 
WinDCA (version 1.02) software, both available from ATI-CAHN Instruments, Inc., of 
30 Madison, Wisconsin. Testing was done on the "A" loop with a balance stirrup attached. 
Calibrations should be done on the balance of the contact angle analyzer with a 100mg 
mass before beginning measurements as indicated in the manual. The motor should also 
be periodically calibrated as per the manual. 

Thermoplastic compositions are spun into fibers and the f reefall sample (jetstretch 
35 of 0) is used for the determination of contact angle. Care should be taken throughout 



-21 - 



WO 00/12606 PCT/US99/27901 

fiber preparation to minimize fiber exposure to handling to ensure that contamination is 
kept to a minimum. The fiber sample is attached to a wire hanger with scotch tape such 
that 2-3 cm of fiber extends beyond the end of the hanger. The hanger consists of a 4 cm 
piece of straight wire that is bent about 0.8 cm from the end so that it forms a hook on that 

5 end. Then the fiber sample is cut with a razor so that 1 .5 cm extends beyond the end of 
the hanger. An optical microscope, such as the Leica Galen III, manufactured by 
Leica, Inc. of Buffalo, New York, is used to determine the average diameter (3 to 
4 measurements) along the fiber. 

The sample on the wire hanger is suspended from the balance stirrup on loop "A w of 

10 the contact angle analyzer. The immersion liquid is distilled water and it is changed for 
each specimen. The specimen parameters are entered (i.e. fiber diameter) and the test 
started. The stage advances at 151.75microns/second until it detects the Zero Depth of 
Immersion when the fiber contacts the surface of the distilled water. From the Zero Depth 
of Immersion, the fiber advances into the water for 1 cm, dwells for approximately 

15 0 seconds and then immediately recedes 1 cm. The auto-analysis of the contact angle 
done by the software determines the advancing and receding contact angles of the fiber 
sample based on standard calculations identified in the manual. Contact angles of 0 or 
loss than 0 indicate that the sample has become totally wettabie. Five replicates for each 
sample are tested and a statistical analysis for mean, standard deviation, and coefficient 

20 of variation percent are calculated. As reported in the examples herein and as used 
throughout the claims, the Advancing Contact Angle value represents the advancing 
contact angle of distilled water on a fiber sample determined according to the preceding 
test method. Similarly, as reported in the examples herein and as used throughout the 
claims, the Receding Contact Angle value represents the receding contact angle of 

25 distilled water on a fiber sample determined according to the preceding test method. 

Contact angle hysteresis is defined as the difference between the advancing and receding 
contact angles. All values reported herein represent the mean values determined based 
on the five replicate measurements. 

30 Nonwoven Tensile Testing 

Tensile properties of the nonwoven webs were measured on a Sintech 1/D Model, 
obtained from MTS Systems Corporation, a company located in Eden Prairie Minnesota, 
using the Testworks 3.03 analysis software, also obtained from MTS Systems 
Corporation. A set of 10N pneumatic tensile grips was obtained from MTS (MTS model 

35 number 00.01 659) and covered with rubber grip facings (MTS model number 38.00401 ). 
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A 50 lb (about 200 N) load cell is used for this test method, and the rubber-faced, air- 
actuated grips, are attached to the machine. The power to both the load cell and the load 
frame is turned on and the equipment given a minimum of one half hour to warm up and 
stabilize. After this time has elapsed the test grips are moved manually until there is a 

5 3 inch (7.62 cm) separation between the upper and lower grips, as measured with a ruler 
and a level. The distance is then zeroed on the test software. The grips are opened and 
the load cell is calibrated. 

Samples^are cut into one inch (2.54 cm) wide strips which are placed vertically in 
the grips so that there is no tension on the sample. The test is initiated by the software 

1 0 and the upper grip rises at a rate of 1 2.0 inches per minute (30.48 cm per minute), while 
the lower grip remains stationary. The test continues until the nonwoven fails and the 
upper grip returns to it's starting point. The software then displays the measured and 
calculated properties of the sample. The information of specific interest is peak and break 
load, quantities which are directly measured by the machine. Peak load is the maximum 

1 5 load at any point during the test and is measured in grams. Break load is the load, in 
grams, when the sample fails. 

Cup Crush Testing 

Cup crush testing was performed on a Sintech 1/D model, obtained from MTS 
20 Systems Corporation, a company located in Eden Prairie Minnesota, using the Testworks 
3:03 analysis software, also obtained from MTS Systems Corporation. In this method a 
1 0lb (about 50 N) load cell is attached to the frame of the Sintech. A forming cylinder is 
placed on the bottom attachment and a six inch (15.24 cm) by six inch (15.24 cm) 
nonwoven square is placed over, the mouth of the cylinder. The forming cup is placed 
25 over the nonwoven, forming the nonwoven over the cylinder, leaving an open circle of the 
web exposed on top of the cylinder. The foot of the cup crush device consists of a metal 
rod with a rounded end and is attached to the 10 lb load cell. When the test is initiated 
the foot descends at a rate of 409.40 mm per minute into the nonwoven web, crushing it. 
The Sintech then measures the peak load and energy required to crush the nonwoven. 
30 The foot descends a total distance of 62 mm and then stops, reverses direction, and 
returns to its original position. In general a lower peak load indicates a softer nonwoven. 
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EXAMPLES 

Various materials were used as components to form thermoplastic compositions 
and multicomponent fibers in the following Examples. The designation and various 
properties of these materials are listed in Table 1 . 

A poly(lactic acid) (PLA) polymer was obtained from Chronopol Inc., Golden, 
Colorado under the designation HEPLON™ A1 0005 poly(lactic acid) polymer. In Table 2, 
HEPLON™ A10005 poly(lactic acid) polymer is designated as HEPLON. 

A polybutylene succinate polymer, available from Showa Highpolymer Co., Ltd., 
Tokyo, Japan, under the designation BIONOLLE™ 1020 polybutylene succinate, was 
obtained. In Table 2, BIONOLLE™ 1020 polybutylene succinate polymer is designated as 
PBS. 

A polybutylene succinate-co-adipate, available from Showa Highpolymer Co., Ltd., 
Tokyo, Japan, under the designation BIONOLLE™ 3020 polybutylene succinate-co- 
adipate, was obtained. In Table 2, BIONOLLE™ 3020 polybutylene succinate-co-adipate 
polymer is designated as PBSA. 

A polycaprolactone polymer was obtained from Union Carbide Chemicals and 
Plastics Company, Inc. under the designation TONE™ Polymer P767E polycaprolactone 
polymer. In Table 2, TONE™ Polymer P767E polycaprolactone polymer is designated as 
POL. 

A material used as a wetting' agent was obtained from Petrolite Corporation of 
Tulsa, Oklahoma, under the designation UNITHOX™ 480 ethoxylated alcohol, which 
exhibited a number average molecular weight of about 2250, an ethoxylate percent of 
about 80 weight percent, a melting temperature of about 65°C, and an HLB value of 
about 16. In Table 2, UNITHOX™ 480 ethoxylated alcohol is designated as Wetting 
Agent A. 

A material used as a wetting agent was obtained from Baker Petrolite Corporation 
of Tulsa, Oklahoma, under the designation UNICID™ X-8198 acid amide ethoxylate, 
which demonstrated an HLB value of approximately 35 and a melting temperature of 
approximately 60°C. In Table 2, UNICID™ X-8198 acid amide ethoxylate is designated 
as Wetting Agent B. 

A material used as a wetting agent was obtained from Rhone-Poulenc, located in 
Cranbury, New Jersey, under the designation IGEPAL™ RC-630 ethoxylated alkyl phenol 
surfactant, which demonstrated an HLB value of about 12.7 and a melting temperature of 
about 4°C. In Table 2, IGEPAL™ RC-630 ethoxylated alkyl phenol surfactant is 
designated as Wetting Agent C. 
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Table 1 



Material 


L:D 


Melting 


Weight 


Number 


Poly- 


Residual 


Designation 


Ratio 


Temp. 


Average 


Average 


dispersity 


Lactic 






(°C) 


Molecular 


Molecular 


Index 


Acid 








Weight 


Weight 




Monomer 


ucdi hm a 4 none 


•nwrt 

IUU.U 


1 t o 


1 R7 nnn 


118 000 


1.58 


<1% 


TONE P767E 


N/A 


64 


60,000 


43,000 


1.40 


N/A 


BIONOLLE 1020 


N/A 


95 


40,000 to 


20,000 to 


~2 to -3.3 


N/A 








1,000,000 


300,000 






BIONOLLE3020 


N/A 


114 


40,000 to" 


20^00 to 


-2 to -3.3 


N/A 








1,000,000 


300,000 







5 Sample Preparation 

To prepare a specific thermoplastic composition, the various components were first 
dry mixed and then melt blended in a counter-rotating twin screw extruder to provide 
vigorous mixing of the components. The specific materials used in the following 
examples, and the relative amounts used of each material, are shown in Table 2. The 

1-0 melt mixing involves partial or complete melting of the components combined with the 
shearing effect of rotating mixing screws. Such conditions are conducive to optimal 
blending and even dispersion of the components of the thermoplastic composition. Twin 
screw extruders such as a Haake Rheocord 90 twin screw extruder, available from Haake 
GmbH of Karlsautte, Germany, or a Brabender twin screw mixer (cat no 05-96-000) 

15 available from Brabender Instruments of South Hackensack, New Jersey, or other 
comparable twin screw extruders, are well suited to this task. This also includes co- 
rotating twin screw exiruders such as the ZSK-30 extruder, available from Werner and 
Pfleiderer Corporation of Ramsey, New Jersey. Unless otherwise indicated, all samples 
were prepared on a Haake Rheocord 90 twin screw extruder. The melted composition is 

20 cooled following extrusion from the melt mixer on either a liquid cooled roll or surface 
and/or by forced air passed over the extrudate. The cooled composition is then 
subsequently pelletized for conversion to fibers. 

The conversion of these resins into fibers and nonwovens was conducted on an in- 
house spinning line with a 0.75 inch (1 .905 cm) diameter extruder. The extruder has a 

25 24:1 L:D (lengthtdiameter) ratio screw and three heating zones which feed into a transfer 
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pipe from the extruder to the spin pack. The transfer pipe constitutes the 4th and 5th 
heating zones and contains a 0.62 inch diameter KOCH™ SMX type static mixer unit, 
available from Koch Engineering Company Inc. of New York, New York. The transfer pipe 
extends into the spinning head (6th heating zone) and through a spin plate with numerous 

5 small holes which the molten polymer is extruded through. The temperatures of these 
heating zones for each composition produced are given in Table 2. The spin plate used 
herein had 15 holes, where each hole has a 20 mil (0.508mm) diameter. The fibers are 
air quenched using air at a temperature of 13°C to 22°C, drawn down by a mechanical 
draw roll, and passed on either to a winder unit for collection, or to a fiber drawing unit for 

1 0 spunbond formation and bonding. Alternatively other accessory equipment may be used 
for treatment before collection. The undrawn, freefall fibers were then evaluated for 
contact angle and the pelletized resin for melt rheology. The results of this 
characterization are given in Table 3. 

15 Example 1-7 

In these examples, BIONOLLE 1020 polybutylene succinate and BIONOLLE 3020 
polybutylene succinate-co-adipate polymers were melt blended in equal weight amounts 
to provide vigorous mixing of the two components on a ZSK-30 co-rotating twin screw 
extruder maunfactured by Werner and Pfleiderer. The resulting strands were air cooled 

20 and then pelletized. The resultant pellets were dry mixed with adipic acid (product 
number AD 130 from Spectrum Quality Products, Inc.) and UNITHOX480 ethoxylated 
alcohol wetting agent and then melt blended and spun. into fibers according to the 
aforementioned procedure. Three of these examples (Samples 1,3, and 4) were put 
through a Lurgi process and calendar bonded to form a nonwoven web. Cup crush and 

25 tensile tests were performed on these webs and the results are shown in Table 4. 

Example 8 

In this example, BIONOLLE 1020 polybutylene succinate and BIONOLLE 3020 
polybutylene succinate-co-adipate polymers were m^lt blended in equal weight amounts 
30 to provide vigorous mixing of the two components on a ZSK-30 co-rotating twin screw 
extruder manufactured by Werner and Pfleiderer. The resulting strands were air cooled 
and then pelletized. The resultant pellets were dry mixed with malonic acid (Aldrich 
Chemical Company, Milwaukee, Wl, catalog number M129-6) and UNITHOX 480 
ethoxylated alcohol wetting agent and then melt blended and fiber spinning was attempted 
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according to the aforementioned method. Attempts at producing fibers were unsuccessful 
due to severe die swell and dripping of the polymer. 



Example 9 

In this example, BIONOLLE 1020 polybutylene succinate and BIONOLLE 3020 
polybutylene succinate-co-adipate polymers were melt blended in equal weight amounts 
to provide vigorous mixing of the two components on a ZSK-30 co-rotating twin screw 
extruder manufactured by Werner and Pfleiderer. The resulting strands were air cooled 
and then pelletized. The resultant pellets were dry mixed with glutaric acid (Aldrich 
Chemical Company, Inc., Milwaukee, Wl, catalog number G340-7) and UNITHOX 480 
9thoxylated alcohol wetting agent and then melt blended and spun into fibers according to 
the aforementioned procedure. 

Example 10 

In this example, BIONOLLE 1020 polybutylene succinate and BIONOLLE 3020 
polybutylene succinate-co-adipate polymers were melt blended in equal weight amounts 
to provide vigorous mixing of the two components on a ZSK-30 co-rotating twin screw 
axtruder manufactured by Werner and Pfleiderer. The resulting strands were air cooled 
and. then pelletized. The resultant pellets were dry mixed with suberic acid (Aldrich 
Chemical Company, Inc., Milwaukee, Wl, catalog number S520-0) and UNITHOX 480 
ethoxylated alcohol wetting agent and then melt blended and. spun into fibers according to 
the aforementioned procedure. 

Example 1 1 

In this example, BIONOLLE 1020 polybutylene succinate and BIONOLLE 3020 
polybutylene succinate-co-adipate polymers were melt blended in equal weight amounts 
to provide vigorous mixing of the two components on a ZSK-30 co-rotating twin screw 
extruder manufactured by Werner and Pfleiderer. The resulting strands were air cooled 
and then pelletized. The pellets were dry mixed with adipic acid (Spectrum Quality 
Products, Inc. AD130) and IGEPAL RC-630 ethoxylated alkyl phenol wetting agent and 
melt blended and spun into fibers as described above. 

Example 12 

In this example, BIONOLLE 1020 polybutylene succinate and BIONOLLE 3020 
polybutylene succinate-co-adipate polymers were melt blended in equal weight amounts 
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to provide vigorous mixing of the two components on a ZSK-30 co-rotating twin screw 
extruder manufactured by Werner and Pfleiderer. The resulting strands were air cooled 
and then pelletized. The pellets were dry mixed with adipic acid (Spectrum Quality 
Products, Inc., product number AD130) and UNICID X-8198 acid amide ethoxylate wetting 
agent and melt blended and spun into fibers following the previously described method. 



In these examples, TONE Polymer P767E polycaprolactone polymer was melt 
blended with adipic acid (Spectrum Quality Products, Inc., product number AD130) and 
UNITHOX 480 ethoxylated alcohol wetting agent and fiber samples prepared according to 
the technique described above 



Example 21 

In this example, TONE Polymer P767E polycaprolactone polymer was melt blended 
with citric acid (Aldrich Chemical Company, Milwaukee, Wl , product number 24,062-1) 
and UNITHOX 480 ethoxylated alcohol wetting agent and fiber spinning attempted 
according to the technique described above. Fiber samples were not produced due to 
foaming and bubbling of the melted resin. 

E karnples 22-26 

In these examples, HEPLON A10005 poly(lactic acid) polymer was melt blended 
with adipic acid (Spectrum Quality Products, Inc., product number AD 130) and UNITHOX 
480 ethoxylated alcohol wetting agent and fiber samples prepared according to the 
aforementioned technique. The compounding of samples 23 and 24 was very difficult due 
to surging of the extrudate strands and spitting of the wetting agent, due to the 
incompatibility of polylactide, adipic acid, and the UNITHOX 480 ethoxylated alcohol 
wetting agent. 

Those skilled in the art will recognize that the present invention is capable of many 
modifications and variations without departing from the scope thereof. Accordingly, the 
detailed description and examples set forth above are meant to be illustrative only and are 
not intended to limit, in any manner, the scope of the invention as set forth in the 
appended claims. 
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Table 3 



OUl 1 Iplw IT 


Advancina 
Contact Angle 


Receding 
Contact Angle 


Contact 
Angle 
Hysteresis 


Shear Viscosity 
@ 1000s" 1 , 170°C 
(Pa.s) 


1* \ 


97 


70 


27 


203 


2* 


83 


24 


59 


56 


3 


58 


27 


31 


61 ) 


4 


53 


27 


26 


50 


5 


60 


41 


19 


18 


\j 


52 


41 


11 


11 


7 


68 


16 


52" 


24 




N/A 


N/A 


N/A 


N/A 


Q 


62 


15 


47 


13 


m 

I u 


56 

WW 


19 


37 


24 


1 1 


93 


38 


56 


40 


19* 


80 

WW 


55 


25 


34 


I o 


86 

WW 


61 


25 


243 


1 A* 


81 


54 


27 


54 


1 £ 




36 


26 


45 


1 0 




I 35 


27 


24 


1 / 


*Tv7 


33 


16 




4A* 

1 0 


/ ^ 


40 


32 


9 


19* 


49 


41 


8 


257 i 


20* 


54 


40 


14 


179 


21* 


N/A 


N/A 


N/A 


N/A 


22* 


87 


55 


32 


N/A 


23* 


i 75 


55 


20 


! 23 


24* 


85 


56 


29 


12 


25* 


79 


45 


34 


24 


26* 


76 


38 


38 


15 



*Not an example of the present invention 



Table 4 



Sample # 


Tensile Properties 


Cup Crush Properties 




Peak Load (g) 


Break Load (g) 


Total Energy 
(g-mm) 


Peak Load (g) 


1 


168 


153 


66 


6 


3 


414 


402 


199 


13 


4 


856 


837 


248 


17 
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What is claimed is: 

1 . A thermoplastic composition comprising a mixture of: 

a. an aliphatic polyester polymer selected from the group consisting of a polybutylene 
succinate polymer, a polybutylene succinate-co-adipate polymer, a 
polycaprolactone polymer, a mixture of such polymers, or a copolymer of such 
polymers, wherein the aliphatic polyester polymer exhibits a weight average 
molecular weight that is between about 10,000 to about 2,000,000, wherein the 
aliphatic polyester polymer is present in the thermoplastic composition in a weight 
amount that is between about 40 to less than 100 weight percent; 

b. a multicarboxylic acid having a total of carbon atoms that is less than about 30, 
wherein the multicarboxylic acid is present in the thermoplastic composition in a 
weight amount that is between greater than 0 weight percent to about 30 weight 
percent; and 

c. a wetting agent, which exhibits a hydrophilic-lipophilic balance ratio that is between 
about 10 to about 40, in a weight amount that is greater than 0 to about 25 weight 
percent, wherein all weight percents are based on the total weight amount of the 
aliphatic polyester polymer the multicarboxylic acid, and the wetting agent present 
in the thermoplastic composition; 

wherein the thermoplastic composition exhibits an Apparent Viscosity value at a 
temcerature of about 170 e C and a shear rate of about 1000 seconds 1 that is between 
about 5 Pascal seconds and about 200 Pascal seconds. 

2. The thermoplastic composition of claim 1 wherein the aliphatic polyester polymer 
is a polybutylene succinate polymer. 

3. The thermoplastic composition of claim 1 wherein the aliphatic polyester polymer 
is a polybutylene succinate-co-adipate polymer. 

4. The thermoplastic composition of claim 1 wherein the aliphatic polyester polymer 
is a polycaprolactone polymer. 

5. The thermoplastic composition of claim 1 wherein the aliphatic polyester polymer 
is present in the thermoplastic composition in a weight amount that is between about 

50 weight percent to about 95 weight percent. 
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6. The thermoplastic composition of claim 5 wherein the aliphatic polyester polymer 
is present in the thermoplastic composition in a weight amount that is between about 

60 weight percent to about 90 weight percent. 

7. The thermoplastic composition of claim 1 wherein the multicarboxylic acid is 
selected from the group consisting of succinic acid, glutaric acid, adipic acid, pimelic acid, 
suberic acid, azelaic acid, sebacic acid, and a mixture of such acids. 

8. The thermoplastic composition of claim 7 wherein the multicarboxylic acid is 
selected from the group consisting of glutaric acid, adipic acid, and suberic acid. 

9. The thermoplastic composition of claim 1 wherein the multicarboxylic acid is 
present in the thermoplastic composition in a weight amount that is between about 

1 weight percent to about 30 weight percent. 

1 0. The thermoplastic composition of claim 9 wherein the multicarboxylic acid is 
present in the thermoplastic composition in a weight amount that is between about 
5 weight percent to about 25 weight percent. 

11 . The thermoplastic composition of claim 1 wherein the multicarboxylic acid has a 
toial of carbon atoms that is beiween about 4 to about 30. 

12. The thermoplastic composition of claim 1 wherein the wetting agent exhibits a 
hydrophilic-lipophilic balance ratio that is between about 10 to about 20. 

13. The thermoplastic composition of claim 1 wherein the wetting agent is present in 
the thermoplastic composition in a weight amount that is between about 0.5 weight 
percent to about 20 weight percent. 

14. The thermoplastic composition of claim 1 wherein the wetting agent is present in 
the thermoplastic composition in a weight amount that is between about 1 weight percent 
to about 15 weight percent. 

15. The thermoplastic composition of claim 1 wherein the wetting agent is selected 
from the group consisting of ethoxylated alcohols, acid amide ethoxylates, and 
ethoxylated alkyl phenols. 

16. The thermoplastic composition of claim 1 wherein the aliphatic polyester polymer 
is present in the thermoplastic composition in a weight amount that is between about 

50 weight percent to about 95 weight percent, the multicarboxylic acid is selected from the 
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group consisting of succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, 
azelaic acid, sebacic acid, and a mixture of such acids and is present in the thermoplastic 
composition in a weight amount that is between about 1 weight percent to about 30 weight 
percent, and the wetting agent is selected from the group consisting of ethoxylated 
alcohols, acid amide ethoxylates, and ethoxylated alkyl phenols and is present in the 
thermoplastic composition in a weight amount that is between about 0.5 weight percent to 
about 20 weight percent. 

1 7. A fiber prepared from a thermoplastic composition, the thermoplastic composition 
comprising a mixture of: 

a. an aliphatic polyester polymer selected from the group consisting of a polybutylene 
succinate polymer, a polybutylene succinate-co-adipate polymer, a 
polycaprolactone polymer, a mixture of such polymers, or a copolymer of such 
poiymers, wherein the aliphatic polyester polymer exhibits a weight average 
molecular weight that is between about 10,000 to about 2,000,000, wherein the 
aliphatic polyester polymer is present in the thermoplastic composition in a weight 
amount that is between about 40 to less than 100 weight percent; 

b. a multicarboxylic acid having a total of carbon atoms that is less than about 30, 
wherein the multicarboxylic acid is present in the thermoplastic composition in a 
weight amount that is between greater than 0 weight percent to about 30 weight 
percent; and 

c. a wetting agent, which exhibits a hydrophilic-lipophilic balance ratio that is between 
about 1 0 to about 40, in a weight amount that is greater than 0 to about 25 weight 
percent, wherein all weight percents are based on the total weight amount of the 
aliphatic polyester polymer, the multicarboxylic acid, and the wetting agent present 
in the thermoplastic composition. 

wherein the fiber exhibits an Advancing Contact Angle value that is less than about 
70 degrees and a Receding Contact Angle value that is less than about 60 degrees. 

1 8. The fiber of claim 1 7 wherein the aliphatic polyester polymer is present in the 
thermoplastic composition in a weight amount that is between about 50 weight percent to 
about 95 weight percent. 

1 9. The fiber of claim 1 8 wherein the aliphatic polyester polymer is present in the 
thermoplastic composition in a weight amount that is between about 60 weight percent to 
about 90 weight percent. 
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20. The fiber of claim 1 7 wherein the multicarboxylic acid is selected from the group 
consisting of succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic 
acid, sebacic acid, and a mixture of such acids. 

21 . The fiber of claim 20 wherein the multicarboxylic acid is selected from the group 
consisting of glutaric acid, adipic acid, and suberic acid. 

22. The fiber of claim 17 wherein the multicarboxylic acid is present in the 
thermoplastic composition in a weight amount that is between about 1 weight percent to 
about 30 weight percent. 

23. The fiber of claim 22 wherein the multicarboxylic acid is present in the 
thermoplastic composition in a weight amount that is between about 5 weight percent to 
about 25 weight percent. 

24. The fiber of claim 1 7 wherein the multicarboxylic acid has a total of carbon atoms 
that is between about 4 to about 30. 

25. The fiber of claim 1 7 wherein the wetting agent exhibits a hydrophilic-lipophilic 
balance ratio that is between about 1 0 to about 20. 

26. The fiber of claim 1 7 wherein the wetting agent is present in the thermoplastic 
composition in a weight amount that is between about 0.5 weight percent to about 

20 weight percent. 

27. The fiber of claim 26 wherein the wetting agent is present in the thermoplastic 
composition in a weight amount that is between about 1 weight percent to about 15 weight 
percent. 

28. The fiber of claim 1 7 wherein the wetting agent is selected from the group 
consisting of ethoxylated alcohols, acid amide ethoxylates, and ethoxylated alkyl phenols. 

29. The fiber of claim 1 7 wherein the fiber exhibits an Advancing Contact Angle value 
that is less than about 65 degrees. 

30. The fiber of claim 17 wherein the fiber exhibits a Receding Contact Angle value 
that is less than about 55 degrees. 

31 . The fiber of claim 17 wherein the fiber exhibits a Receding Contact Angle value 
that is less than about 50 degrees. 
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32. The fiber of claim 17 wherein the aliphatic polyester polymer is present in the 
thermoplastic composition in a weight amount that is between about 50 weight percent to 
about 95 weight percent, the multicarboxylic acid is selected from the group consisting of 
succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic 
acid, and a mixture of such acids and is present in the thermoplastic composition in a 
weight amount that is between about 1 weight percent to about 30 weight percent, and the 
wetting agent is selected from the group consisting of ethoxylated alcohols, acid amide 
ethoxylates, and ethoxylated alkyfphenols and is present in the thermoplastic composition 
in a weight amount that is between about 0.5 weight percent to about 20 weight percent. 

33. The fiber of claim 1 7 wherein the aliphatic polyester polymer is polybutylene 
succinate polymer, the multicarboxylic acid is adipic acid, and the wetting agent is an 
ethoxylated alcohol. 

34. The fiber of claim 1 7 wherein the aliphatic polyester polymer is polybutylene 
succinate-co-adipate polymer, the multicarboxylic acid is adipic acid, and the wetting 
agent is an ethoxylated alcohol. 

35. The fiber of claim 1 7 wherein the aliphatic polyester polymer is a mixture of 
polybutylene succinate polymer and polybutylene succinate-co-adipate pclymer, the 
multicarboxylic acid is adipic acid, and the wetting agent is an ethoxylated alcohol. 

36. The fiber of claim 1 7 wherein the aliphatic polyester polymer is a mixture, of 
polybutylene succinate polymer and polybutylene succinate-co-adipate polymer, the 
multicarboxylic acid is glutaric acid, and the wetting agent is an ethoxylated alcohol. 

37. The fiber of claim 17 wherein the aliphatic polyester polymer is a mixture of 
polybutylene succinate polymer and polybutylene succinate-co-adipate polymer, the 
multicarboxylic acid is suberic acid, and the wetting agent is an ethoxylated alcohol. 

38. The fiber of claim 1 7 wherein the aliphatic polyester polymer is polycaprolactone 
polymer, the multicarboxylic acid is adipic acid, and the wetting agent is an ethoxylated 
alcohol. 
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